Development of First Principles Molecular Dynamics Code Based on Density Functional Theory by Y. "Zempo & M." Tanaka
§22. Development of First Principles Molecular 
Dynamics Code Based on Density 
Functional Theory 
Zempo, Y. (Tsukuba Res. Lab., Sumitomo Chemical), 
Tanaka, M. 
As a new approach to investigate the phenomena in 
an intermediate reason between plasma and materials, we 
are developing molecular dynamics simulation [1][2], 
which is based on the density functional theory. This 
technique not only provides fairly accurate results, but 
also is flexible and applicable to various fields because it 
does not use any empirical potential; there is also a report 
for the properties of transition to the excited states in 
liquid sulfur [2]. Now, it is recognized as a key technique 
in the field of materials design ~nd the calculation of the 
properties of materials. 
We are developing this code, which is believed to be 
applicable to the analysis of the properties of materials 
used in the plasma filed. As a simple test of this code, we 
applied our technique to the several materials such as a 
Si-dimer, Si4 cluster, H2, etc. 
For example, the structure optimization of Si4 cluster 
is shown in Fig. 1. Its planer structure, which is reported 
to be stable, is successfully reproduced as the calculated 
result: The initial random configuration of the Si4 cluster 
forms a planer structure as the final state. 
Since the electronic structure is calculated during the 
process of Molecular Dynamics as the feature of this 
technique, the electronic structure can be also shown. In 
Fig. 2, the charge distribution of the valence at the final 
state is displayed. Using this technique, it is possible to 
analyze the electronic properties together with the atomic 
properties. At the next step, we will apply this calculation 
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technique to the realistic system. 
Fig. 1. Optimization of Si4 Cluster in Initial 
(upper figure) and Final (lower figure) 
Configurations 
Fig. 2. Charge distribution of Si4 dimer structure 
optimization. The shadow among the 4 
Si's shows the charge distribution. 
Reference 
1) Zempo, Y, Ishida, M, Yoshida, M., J. Mol. Stru 
(Theochem) 310, 17(1994) 
2) Shimojo, F., Zempo, Y, Hosino, K., Watabe, M., Phys. 
Rev. B52, 9320(1995) 
3) Shimojo, F., Hosino, K., Zempo, Y, J. Phys.: Condens. 
Matter 10, L177-L 182 (1998) 
